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BRIEF SUMMARY OF THE INVENTION 

[0010] In accordance with the present invention, both R DSON and V th are 
simultaneously reduced by the control of the positions and shapes of the source and 
channel regions and by the proper control of the spreading of the reversed biased 
depletion region. 

[0011] This novel process and design revolves around three concepts: 

1) Controlling the relative position and shape of the source and channel 
regions. This is achieved by making the source implant as shallow as possible to 
limit punchthrough. Thus, the source implant energy is constrained to be as low as 
possible, right to the verge of beam blowup. This implant and its associated 
diffusion is done ideally within the framework of a very shallow channel junction. 
By way of example, the source and channel implants are preferably less than 0.3 fx 
and 3.0a*, respectively. 

2) Controlling the reverse biased depletion region spreading by the 
amount and distribution of charge buried deep within the channel junction. For a p 
channel device, this is done by using a very high energy implant, in this case a 
200kV implant of doubly charged phosphorus ions P"^ (resulting in an effective 400 
keV implant). This implant also helps to limit the occurrence of punchthrough. This 
is accomplished by a heavy base implant that is placed as deep as possible by 
implanting doubly ionized phosphorus at very high energies. This charge, when 
placed strategically, acts as charge balance for the reverse biased diode, limiting 
depletion spreading into the channel side (as opposed to the epi side) of the junction. 
Similar concepts apply to the N channel device. 

3) In addition, the extra depth of the 400 keV implant helps to make the 
V th measurement stable with time. It is thought that when the heavy dose of the P** 
implant is deeper due to the high energy of the implant, that the increased charge 


,v to occur Typically, walkout occurs 

in more lightly doped regions (e.g. it 
prior art. area of silicon at a first stage of the 

hea "T„;;r^^^-^ ,ceusofth6wesho : inFieire4taa 

10 1 tain and g»e contact electrodes. 

■ MO SFET,alongwi<hi<ssource,dra 1 nandg 

(M17 , orclo8 edpo»gona..opo to gy>n> 
conduction MOSFET (which « ^ ' ' apass iva,ion tayer 

3 , thereon which has a wmdow 32 « dose of UE1 4 

^orns/cm^ Thistaptantistnendt^ 

junction 33 to a depth which is less source region 34 (or junction 34) is 

**— Wnd0W 3 0 ^p,e, source regton 34 is fomted hy a horon 

shallowaspossiMc.Bywayofcxan.pl, 


00522768.1 


-6- 

implant at less than about 20 keV and 2E15 ions/cm 2 , with source junction 34 having 
a depth of less than 0.3 microns. 

[0019] A third implant is then carried out to form the N* 4 " contact 
implant 35 shown in Figure 4. The contact trench may be first formed. The implant 
of phosphorus may be carried out at an energy greater than 350 keV (for a single 
charge phosphorus ion) and a dose greater than 1E15 ions/cm 2 . The energy of the 
implant is more critical than the dose. 

[0020] All implants are activated with activation temperatures of 
1 175°C for about 30 minutes. 

[0021] Figure 5 shows a portion of a vertical conduction MOSFET 
employing the cells of Figure 4. Note that the epi layer 30 is grown atop a P + 
substrate 50. Figure 5 further shows the gate structure as consisting of a gate oxide 
lattice 51 which extends across each of the channel regions, and a conductive 
polysilicon gate layer 52 atop lattice 51. The polysilicon gate 52 is sealed and 
insulated by an LTO (low temperature oxide) layer 53. A source contact 54 then 
overlies the top surface and contacts the source and channel regions of each of the 
cells. A drain contact 55 is disposed on the bottom of substrate 50. 

[0022] The novel MOSFET so produced has both a low threshold 
voltage (below 2 volts) and a low R DSO n (below 5mQ) at low V gs (which may be as 
low as 2.5 volts). This expanded "window" of values was previously highly 
constrained by I DSS , due to punchthrough on the one hand and low V th on the other 
hand. 

[0023] As a further aspect of the invention, it has been found that V th 
walkout is eliminated for P channel MOSFETs. Further, for both P and N channel 
devices, the V th is 50% lower than that previously attainable, thus dramatically 
improve gate robustness, gate rating and, at the same time, provide a reduced gate 
charge. 


[0024] Although the present invention has been described in relation to 
particular embodiments thereof, many other variations and modifications and other 
uses will become apparent to those skilled in the art. It is preferred, therefore, that 
the present invention be limited not by the specific disclosure herein. 


